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(57) Devices, methods, and systems for noise can-
cellation for voice activation are described herein. For
example, one or more embodiments include determining,
with a computing device, whether a background noise
received with the computing device is recognized, creat-
ing a stored noise cancellation filter based on the back-

NOISE CANCELLATION FOR VOICE ACTIVATION

ground noise when the background noise is not recog-
nized, receiving a signal that includes the background
noise and a voice command at the computing device,
filtering out the background noise from the signal with
the stored noise cancellation filter, and processing the
voice command.
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Description
Technical Field

[0001] The present disclosure relates to noise cancel-
lation for voice activation.

Background

[0002] A voice activated device can be used in a home
and/or work environment, for example. In an example,
voice activation can allow a user to operate the device
using voice commands without having to touch the de-
vice. Voice activation can have applications in thermo-
stats, home appliances, equipment for firefighting, hos-
pital equipment, elevators, and/or in other industrial en-
vironments, for example. For instance, voice activation
can allow for operation of the device without spreading
of germs, without having to set down tools and/or equip-
ment, and/or without having to visually see a user inter-
face.

[0003] Patent application document number
US2012/002820A1 discloses removing noise from au-
dio, including noises that result from the activation ofinput
controls of a computing device, such as the actuation of
keys on a keyboard.

[0004] The present invention in its various aspects is
as set out in the appended claims.

Brief Description of the Drawings

[0005]

Figure 1 illustrates a system for noise cancellation
for voice activation according to one or more embod-
iments of the present disclosure.

Figure 2 illustrates a flow diagram for noise cancel-
lation for voice activation according to one or more
embodiments of the present disclosure.

Figure 3 illustrates a method for noise cancellation
for voice activation according to one or more embod-
iments of the present disclosure.

Figure 4 illustrates a computing device for noise can-
cellation for voice activation according to one or more
embodiments of the present disclosure.

Detailed Description

[0006] As discussed herein, a voice activated device
can be used in a home and/or work environment, in an
example. However, performance of these systems can
be in question. In an example, performance of the voice
activated device can be hindered as a result of the voice
activated device failing to recognize a voice command,
which can cause user frustration or place the user in dan-
ger, depending on where the voice activated device is
used.

[0007] In an example, the presence of background
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noise can be one reason that the performance of a voice
activated device can be hindered. For instance, the voice
activated device can function by using a voice recognition
engine that can decipher a voice command (e.g., user
voice) and convert the voice command into a computing
device command, which can then be executed by the
device. In an example, the voice command can be
masked by background noise generated in an environ-
ment in which the voice activated device is located.
[0008] For instance, if the voice activated device is lo-
cated in a work environment, background noise gener-
ated by equipment located in the environment can mask
the voice command, which can cause afailure in the voice
activated device recognizing the voice command. Alter-
natively, and/or in addition, if the voice activated device
is located in a home environment, background noise gen-
erated by appliances can mask the voice command,
which can cause a failure in the voice activated device
recognizing the voice command, for example.

[0009] To help address the limitations associated with
voice activated devices, systems, methods, and ma-
chine-readable and executable instructions are provided
for noise cancellation for voice activation. Noise cancel-
lation can include determining, with a computing device,
whether a background noise received with the computing
device is recognized. Noise cancellation can include cre-
ating a stored noise cancellation filter based on the back-
ground noise when the background noise is not recog-
nized. Noise cancellation can include receiving the back-
ground noise and a voice command at the computing
device. Noise cancellation can include filtering out the
background noise with the stored noise cancellation filter.
Noise cancellation caninclude processing the voice com-
mand.

[0010] In the following detailed description of the
present disclosure, reference is made to the accompa-
nying drawings that form a part hereof, and in which is
shown by way of illustration how one or more embodi-
ments of the disclosure may be practiced. These embod-
iments are described in sufficient detail to enable those
of ordinary skill in the art to practice the embodiments of
this disclosure, and it is to be understood that other em-
bodiments may be utilized and that process, electrical,
and/or structural changes may be made without depart-
ing from the scope of the present disclosure.

[0011] The figures herein follow a numbering conven-
tion in which the first digit or digits correspond to the draw-
ing figure number and the remaining digits identify an
element or component in the drawing. As will be appre-
ciated, elements shown in the various embodiments
herein can be added, exchanged, and/or eliminated so
as to provide a number of additional embodiments of the
present disclosure. As used herein, "a" or "a number of"
refers to one or more. In addition, as will be appreciated,
the proportion and the relative scale of the elements pro-
vided in the figures are intended to illustrate the embod-
iments of the present invention, and should not be taken
in a limiting sense.
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[0012] Figure 1 illustrates a system for noise cancel-
lation for voice activation according to one or more em-
bodiments of the present disclosure. In an example, the
system can include a first computing device 102-1. The
first computing device 102-1 can be a voice activated
computing device, in an example. For example, the first
computing device 102-1 can be associated with a ther-
mostat, a home appliance, equipment for firefighting,
hospital equipment, elevators, and/or other devices lo-
cated in the home and/or work environment, although
examples are not so limited.

[0013] Inan example, the first computing device 102-1
can receive a voice command 104-3. For instance, the
first computing device 102-1 can include a voice recog-
nition engine that can decipher the voice command 106
and convert the voice command 106 into a computing
device command, which can instruct the first computing
device 102-1 to perform a function. For example, where
the first computing device 102-1 is associated with a ther-
mostat, the computing device command can include an
instruction to adjust a temperature controlled by the ther-
mostat.

[0014] Thefirstcomputing device 102-1 can be located
in an environment that can be a home and/or work envi-
ronment, in an example. For instance, the environment
associated with the first computing device 102-1 can be
proximate to the first computing device 102-1. As such,
in addition to a voice command 106 being received by
the first computing device 102-1, the first computing de-
vice 102-1 can also receive a first background noise
104-1.

[0015] Forexample, if the first computing device 102-1
is located in a home environment, the first background
noise 104-1 can include a noise associated with an ap-
pliance such as a dish washer, ventilation system, vac-
uum cleaner, etc. If the first computing device 102-1 is
located in a work environment, the first background noise
104-1 can include a noise associated with a piece of
equipment such as a printing press, a power tool, venti-
lation system, etc.

[0016] Inanexample, the first background noise 104-1
can mask the voice command 106. For instance, the first
background noise 104-1 can interfere with a signal as-
sociated with the voice command 106, which can create
a corrupted input signal that is received by the first com-
puting device 102-1. As a result, the signal associated
with the voice command 106 may not be recognized by
the voice recognition engine in the computing device
102-1 and therefore may not be converted into the com-
puting device command.

[0017] Some embodiments of the present disclosure
can filter out the first background noise 102-1, which can
result in the voice recognition engine being able to rec-
ognize the voice command 106 and convert the voice
command 106 into the computing device command. In
some embodiments, the computing device 102-1 can
store noise cancellation filters that are created based on
background noises received by the first computing device
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102-1. When the first computing device 102-1 receives
a background noise and a voice command, the first com-
puting device 102-1 can filter out the background noise
with the stored noise cancellation filter, leaving the voice
command to be processed by the voice recognition en-
gine.

[0018] In some embodiments, the first computing de-
vice 102-1 can operate in a training mode. In the training
mode, the first computing device 102-1 can be trained to
recognize background noises. The recognition can in-
clude analysis of the frequency, amplitude, and/or other
signal characteristics such as pulse width and/or pulse
repetitive frequency, etc. of the noise signals associated
with the background noise. The noise signals in home
and/or office environments can be non-random (e.g., can
be repetitive) and can therefore aid in recognition of the
noise signals. Noise cancellation filters can be created
based on these noise signals, which can be stored on
the computing device and can later be used to filter out
the background noises from a signal thatincludes aback-
ground noise and a voice command.

[0019] Inanexample, the first computing device 102-1
can determine whether the first background noise 104-1
received by the first computing device 102-1 is recog-
nized. In an example, if the first background noise 104-1
is not recognized by the first computing device 102-1, a
first stored noise cancellation filter can be created based
on the firstbackground noise 104-1. The first stored noise
cancellation filter can include identification characteris-
tics of the first background noise 104-1. For instance, the
identification characteristics can include a frequency as-
sociated with the first background noise 104-1 and/or an
amplitude associated with the first background noise
104-1, pulse width, and/or repetitive frequency, although
examples are not so limited.

[0020] Inanexample,thefirststored noise cancellation
filter can have a weight associated with it. The weight
associated with the first stored noise cancellation filter
can be determined based on how closely the filter is cor-
related to the input noise signal. The calculation of
weights can be based on the analysis of the frequency,
amplitude, and/or other signal characteristics such as
pulse width and/or pulse repetitive frequency, etc. of the
noise signals associated with the background noise.
[0021] In an example, if the first computing device
102-1 is located in a work environment, the first back-
ground noise 104-1 received by the first computing de-
vice 102-1 can be associated with a power tool. The noise
associated with the power tool can include a particular
frequency and/or amplitude, which can distinguish the
noise from other noises generated in the work environ-
ment. If noise cancellation filters have been stored on
the first computing device 102-1 previously, identification
characteristics of the noise associated with the power
tool can be compared to identification characteristics
contained in each stored noise cancellation filter.
[0022] Forinstance, the frequency and/or amplitude of
the noise associated with the power tool can be com-
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pared to the frequency and/or amplitude associated with
each stored noise cancellation filter. If a match and/or
correlation does not exist between the identification char-
acteristics associated with the power tool and the iden-
tification characteristics associated with one of the stored
noise cancellation filters, a determination that the noise
associated with the power tool is not recognized can be
made and a first stored noise cancellation filter can be
created thatincludes the identification characteristics as-
sociated with the power tool.

[0023] Alternatively, and/or in addition, if a match
and/or correlation does exist between the identification
characteristics associated with the power tool and the
identification characteristics associated with one of the
stored noise cancellation filters, a determination that the
noise associated with the power tool is recognized can
be made. As such, a need for storing an additional noise
cancellation filter may not exist.

[0024] Alternatively, and/or in addition, if noise cancel-
lation filters have not been stored on the first computing
device 102-1 previously, there may be no stored noise
cancellationfilters to compare with the identification char-
acteristics of the power tool. As such, a determination
that the noise associated with the power tool is not rec-
ognized can be made and a first stored noise cancellation
filter can be created that includes the identification char-
acteristics associated with the power tool. As such, the
first computing device 102-1 can be trained to recognize
background noises, which can be stored on the comput-
ing device and can later be used to filter out the back-
ground noise from the signal that includes the back-
ground noise and the voice command.

[0025] In an example, in the training mode, the first
computing device 102-1 can be trained to recognize a
user’s voice. The user’s voice can be learned to differ-
entiate the user’s voice from the background noise, in an
example, so the user’s voice is not filtered out by a noise
cancellation filter. In an example, the recognition can in-
clude analysis of the frequency, amplitude, and/or other
signal characteristics such as pulse width and/or pulse
repetitive frequency, etc. of the user’s voice.

[0026] In some embodiments, the first computing de-
vice 102-1 can operate in an operation mode. For in-
stance, when the first computing device 102-1 operates
in the operation mode, the first computing device 102-1
can filter out the background noise from the signal that
includes background noise and the voice command using
the noise cancellation filters that have been learned in
the training mode.

[0027] In anexample, some embodiments can include
receiving a second background noise 104-2 and the
voice command 106 at the first computing device 102-1.
In an example, as a user speaks the voice command
106, the second background noise 104-2 can be gener-
ated simultaneously and both the voice command 106
and the second background noise 104-2 can be received
by the first computing device 102-1.

[0028] As such, the second background noise 104-2
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can interfere with the signal associated with the voice
command 106, which can create a corrupted input signal
that is received by the first computing device 102-1. As
discussed herein, the signal associated with the voice
command 106 may not be recognized by the voice rec-
ognition engine in the computing device 102-1 and there-
fore may not be converted into the computing device
command.

[0029] Inanexample, the first computing device 102-1
can process the second background noise 104-2 and the
voice command 106 at the first computing device 102-1
with a voice recognition engine. Upon processing the
second background noise 104-2 and the voice command
106, a confidence level associated with a processed sig-
nal thatincludes the second background noise 104-2 and
the voice command 106 can be determined.

[0030] Inanexample, the confidence level associated
with the processed signal can be determined based on
criteria that include mean square error and/or temporal
average of the least squares error, although examples
are not so limited. In an example, different algorithms
can be used for each criteria, which can include the least
mean squares algorithm and/or the recursive least
squares algorithm, although examples are not so limited.
[0031] In some embodiments, if the confidence level
does not meet a threshold, an indication can be made
that the voice recognition engine may not be able to con-
vert the voice command 106 into the computing device
command. As such, the first stored noise cancellation
filter can be applied to the signal to filter out the second
background noise 104-2 when the processed signal does
not meet the confidence level. Upon filtering out the sec-
ond background noise 104-2 from the signal with the first
stored noise cancellation filter, the voice command can
be processed with the voice recognition engine.

[0032] Inan example, if the second background noise
104-2 cannot be filtered from the signal with the first
stored noise cancellation filter, an alternate stored noise
cancellation filter can be applied to filter out the second
background noise 104-2. Alternatively, and/orin addition,
a plurality of stored noise cancellation filters can be used
to filter out the second background noise 104-2.

[0033] Forinstance, multiple sets of filters can be used
in a weighted combination to filter out the second back-
ground noise 104-2. In an example, multiple stored noise
cancellation filters with different filter weights can be com-
bined, which can behave as an adaptive filter, which can
be capable of adjusting to a background noise to filter it
out. In an example, each of the multiple stored noise can-
cellation filters can be associated with a weight. In an
example, the sum of all weights used for combination of
multiple stored noise cancellation filters can be equal to
a unit weight.

[0034] Assuch, stored noise cancellation filters can be
added and/or subtracted to adjust the weight of a filter
that can be applied to filter out the second background
noise 104-2. In an example, multiple stored noise can-
cellation filters can be applied as an adaptive filter, which
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can be afilter that is applied to filter out the second back-
ground noise 104-2 and can have a variable weight, de-
pending on whether stored noise cancellation filters with
their own respective weights are added or subtracted
from the adaptive filter.

[0035] In anexample, upon processing the voice com-
mand with the voice recognition engine, a second confi-
dence level associated with the processed signal that
includes the filtered voice command can be determined.
For instance, the second confidence level can be deter-
mined and a determination can be made whether the
processed signal that includes the filtered voice com-
mand meets the confidence level can be made. In an
example, the voice command can be reprocessed with
a different noise cancellation filter until the processed
voice command meets the confidence level.

[0036] In some embodiments, the first computing de-
vice 102-1 can include a plurality of stored noise cancel-
lation filters as a result of a plurality of background noises
that can be generated in the environment in which the
first computing device 102-1 is located. As such, the first
computing device 102-1 can select one of the plurality of
stored noise cancellation filters to apply to the signal to
filter out a particular background noise from the signal.
[0037] For instance, each of the plurality of stored
noise cancellation filters can be applied to the signal se-
quentially and/or in parallel and can be processed by the
voice recognition engine and a confidence level can be
determined for each noise cancellation filter or in combi-
nation upon the application of each of the plurality of
stored noise cancellation filters. In an example, each of
the plurality of stored noise cancellation filters can be
applied to the signal until a determination is made that
the processed signal meets the confidence level.
[0038] Insomeembodiments, the confidence level can
be used to modify the weights used for a set of stored
noise cancellation filters. The weights can be modified
so as to obtain a higher confidence level in a given time.
For example, the confidence level associated with the
processed signal can be increased over a defined period
of time by modifying the weights used for the set of stored
noise cancellation filters. Alternatively, and/or in addition,
the confidence level associated with the processed signal
can be increased such that the confidence level can be
increased to a value that can be higher than a given
threshold. Alternatively, and/or in addition, a correlation
can be made between each of the plurality of stored noise
cancellation filters and the signal that is input into the
voice recognition engine that includes the background
noise and the voice command. For instance, if a corre-
lation between one of the plurality of stored noise can-
cellation filters and the signal that is input into the voice
recognition engine can be made, that particular noise
cancellation filter or a combination of noise cancellation
filters can be applied to the signal that is input into the
voice recognition engine.

[0039] For example, a correlation coefficient can be
calculated between each of the plurality of stored noise
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cancellation filters and the signal that is input into the
voice recognition engine. Full correlation between a
stored noise cancellation filter and the signal that is input
into the voice recognition engine can be expressed with
a correlation coefficient of 1. In an example where no
correlation exists between a stored noise cancellation
filter and the signal that is input into the voice recognition
engine, the correlation coefficient can be 0.

[0040] In an example, the correlation coefficient be-
tween each of the plurality of stored noise cancellation
filters and the signal that is inputinto the voice recognition
engine can be between 0 and 1. The selection of one or
more stored noise cancellation filters to be applied can
be based on the correlation coefficient. For instance, if a
correlation coefficient near 1 exists between the signal
that is input into the voice recognition engine and one of
the stored noise cancellation filters, that particular noise
cancellation filter can be used for filtering out the back-
ground noise from the signal that is input into the voice
recognition engine.

[0041] Alternatively, and/or in addition, if multiple
stored noise cancellation filters generate correlation co-
efficients near 1, a combination of noise cancellation fil-
ters can be used for filtering out the background noise
from the signal that is input into the voice recognition
engine. As such, the background noise can be filtered
out without having to sequentially apply each of the plu-
rality of stored noise cancellation filters to the signal that
is input into the voice recognition engine.

[0042] In some embodiments, the system can include
a second computing device 102-2 that includes those
features discussed with respect to the first computing
device 102-1. In an example, the second computing de-
vice 102-2 can be in a different environment than the first
computing device 102-1. However, the second comput-
ing device 102-2 can be in communication with the first
computing device 102-1 via a server 108. Alternatively,
and/or in addition, the second computing device 102-2
can be in communication with the first computing device
102-1 directly (e.g., without the server 108).

[0043] In some embodiments, the first computing de-
vice 102-1 can download a second stored noise cancel-
lation filter from the second computing device 102-2 in
response to a selection received by the first computing
device 102-1. In an example, the second stored noise
cancellation filter can be generated by the second com-
puting device 102-2 in response to receiving a back-
ground noise from an environment that is proximate to
the second computing device 102-2. For instance, the
second stored noise cancellation filter can be associated
with the background noise from the environment that is
proximate to the second computing device 102-2.
[0044] In some embodiments, the first computing de-
vice 102-1 can have an embedded processor in commu-
nication with the server 108. The server 108 can act as
a cloud, utilized for "cloud computing," which can be con-
sidered as the use of computing resources (e.g., hard-
ware, software, logic, etc.) that can be delivered as a
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service over a communications network (e.g., in a wired
and/or wireless manner over the Internet).

[0045] In an example, processing associated with
noise cancellation for voice activation can be shifted from
the first computing device 102-1 to the server 108. For
instance, generating noise cancellation filters can be
done on 102-1 whereas processing that can be compu-
tationally intensive, such as filter combination, selection
of weights, performing voice recognition, etc. can be per-
formed on the server 108, rather than the first computing
device 102-1. In an example, this can be beneficial when
the first computing device 102-1 does not possess
processing resources needed for generating adaptive fil-
ters, performing voice recognition, etc.

[0046] In an example, the type of equipment and/or
appliance that generates the background noise can be
associated with the second stored noise cancellation fil-
ter. For instance, a type of dishwasher, ventilation sys-
tem, vacuum cleaner, printing press, power tool, etc. can
be associated with the second stored noise cancellation
filter.

[0047] In an example, the source of the background
noise can be located in the environment that is proximate
to the second computing device 102-2. For instance, the
piece of equipment and/or appliance can be located in
the environment that is proximate to the second comput-
ing device 102-2, which can be the source of the back-
ground noise. Alternatively, and/or in addition, a same
piece of equipment and/or appliance can be located in
the first environment proximate to the first computing de-
vice 102-1.

[0048] As such, the stored noise cancellation filter as-
sociated with the piece of equipment and/or appliance
can be downloaded by the first computing device 102-1
from the second computing device 102-2. Downloading
the stored noise cancellation filter associated with the
piece of equipment and/or appliance to the first comput-
ing device 102-1 can be beneficial because this can allow
the first computing device 102-1 to skip the training mode
associated with the piece of equipment and/or appliance.
[0049] Insomeembodiments, the second stored noise
cancellation filter can be downloaded via a server 108 in
communication with the first computing device 102-1 and
the second computing device 102-2. In an example, the
server 108 can store noise cancellation filters, which can
be downloaded by the first computing device 102-1
and/or the second computing device 102-2. In an exam-
ple, as stored noise cancellation filters are created by the
first computing device 102-1 and/or second computing
device 102-2, they can be uploaded to the server 108
and stored.

[0050] Alternatively, and/or in addition, details associ-
ated with the stored noise cancellation filters can be up-
loadedto the server 108. For example, details associated
with the environment in which the stored noise cancella-
tion filter was created can be associated with the stored
noise cancellation filter. For instance, if the stored noise
cancellation filter was created in a home environment, a
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tag can be associated with the stored noise cancellation
filter indicating this. As such, stored noise cancellation
filters with common tags can be grouped together to form
tool kits that can be downloaded by the first computing
device 102-1 and/or the second computing device 102-2.
For example, noise cancellation filters with common tags
can be grouped together on the server 108.

[0051] Alternatively, and/or in addition, details associ-
ated with the particular piece of equipment and/or appli-
ance associated with the background noise can be as-
sociated with the stored noise cancellation filter. For in-
stance, a tag can be associated with the stored noise
cancellation filter indicating the particular piece of equip-
ment and/or appliance. As such, stored noise cancella-
tion filters with common tags can be grouped together to
form tool kits that can be downloaded by the first com-
puting device 102-1 and/or the second computing device
102-2.

[0052] Inanexample, a user of the first computing de-
vice 102-1 and/or second computing device 102-2 can
perform a search based on tags associated with the
stored noise cancellation filters. For instance, if the user
wishes to download stored noise cancellation filters from
the server 108 for a home, the user can perform a search
on a user interface in communication with the first com-
puting device 102-1 and/or second computing device
102-2 by specifying that stored noise cancellation filters
associated with a home environment (e.g., home tool kit)
should be retrieved. The user can further download all
stored noise cancellation filters associated with the home
environment and/or individual stored noise cancellation
filters associated with the home environment.

[0053] Alternatively, and/or in addition, the user can
search for individual pieces of equipment and/or appli-
ances. In an example, the user can search for individual
pieces of equipment generally by completing a search
query for a general category of equipment and/or appli-
ance. For instance, the user can perform a search for a
vacuum. Alternatively, and/or in addition, the user can
perform a search for a particular piece of equipment
and/or appliance. For instance, the user can perform a
search for a particular model of vacuum. Upon complet-
ing the search, the stored noise cancellation filter asso-
ciated with the search can be downloaded to the first
computing device 102-1 and/or the second computing
device 102-2.

[0054] Figure 2illustrates aflow diagram for noise can-
cellation for voice activation according to one or more
embodiments of the present disclosure. In some embod-
iments, a training mode can include receiving a back-
ground noise 210 with afilter generator 212, as discussed
herein. The filter generator can analyze the frequency,
amplitude, and/or other signal characteristics such as
pulse width and/or pulse repetitive frequency, etc. of the
noise signals associated with the background noise. As
such, afilter bank 214 can store noise cancellation filters
(e.g., Filter 1, Filter 2, Filter n) that have been generated
based on the noise signals analyzed by the filter gener-
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ator 212. Alternatively, and/or in addition, pre-existing
stored noise cancellation filters 216 based on the respec-
tive environment in use (e.g., home, office, etc.) can be
received from the server and used to filter out the noise
signals associated with the background noise 210.
[0055] Inanexample, each of the stored noise cancel-
lation filters can have a weight associated with it. The
weight associated with each stored noise cancellation
filter can be determined based on how closely the filter
is correlated to the input noise signal. The calculation of
weights (e.g., Wy, W,...W,)) can be based on the analysis
of the frequency, amplitude, and/or other signal charac-
teristics such as pulse width and/or pulse repetitive fre-
quency, etc. of the noise signals associated with the
background noise.

[0056] In some embodiments, an operation mode can
include filtering out background noise from aninput signal
218 that includes a background noise and a voice com-
mand. In an example, the input signal 218 can be re-
ceived from an environment (e.g., home environment,
work environment) where a background noise is gener-
ated in addition to the voice command generated by a
user. For instance, the input signal can be represented
as s+n, where s is a signal component of the voice com-
mand and n is a signal noise associated with the back-
ground noise.

[0057] Inanexample, a stored noise cancellation filter
from the filter bank 214 can be applied at filter application
220 to the input signal 218 to filter out the background
noise included in the input signal 218. In an example,
signal noise associated with a stored noise cancellation
filter, which can be represented as ;) can be subtracted
from the input signal, s+n, when the stored noise cancel-
lation filter from the filter bank 214 is applied at filter ap-
plication 220 (e.g., ((s+n) - n).

[0058] Insome embodiments, the input signal that has
had the stored noise cancellation filter applied can be
processed by a voice recognition engine 222. Upon
processing the input signal with the voice recognition en-
gine 222, a processed signal can be generated and a
confidence level associated with the processed signal
can be generated by a confidence level generator 224.
[0059] In some embodiments, the confidence genera-
tor 224 can generate a confidence value based on the
failure and/or success of the voice recognition engine.
This value may be based on a number of parameters
specific to the voice recognition engine. In an example,
the confidence level can include a correlation coefficient,
which can provide a degree of correlation between the
stored noise cancellation filter that has been applied and
the background noise contained in the input signal.
[0060] As discussed herein, a full correlation between
them can result in a high degree of noise reduction and
can imply a high confidence value. As such, based on
the confidence value, a determination can be made
whether the background noise has been sufficiently fil-
tered from the input signal at confidence level threshold
determination 226. In an example, the confidence level
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threshold determination 226 can determine whether the
confidence level is within a defined range of a value. The
threshold can be defined based on the environment of
usage.

[0061] For example, the threshold can be defined
based on arisk associated with a computing device com-
mand 228 beingissued when the confidence level thresh-
old is not met. For instance, if the environment is an in-
dustrial control plant, a risk associated with a device com-
mand being issued when the confidence level threshold
is not met can be greater than if the environment is a
home environment. As such, as risk associated with the
environmentincreases, the threshold associated with the
confidence level can increase. If the confidence level is
higher than the threshold, a computing device command
228 can be issued to a computing device.

[0062] Alternatively, and/or in addition, if the confi-
dence level is not within a defined range of a value, a
determination can be made to apply a new filter at new
filter determination 230. The new filter determination 230
can provide data to the filter generator 212 associated
with how to change the type of filter to apply to the input
signal 218.

[0063] In an example, the data can include an indica-
tion of whether to modify weights associated with one or
more filters applied to the input signal 106. For instance,
the confidence levels that have been calculated by the
confidence level generator 224 can be used to increase
the weight associated with a specific filter in a set of filters
applied tothe input signal 106 and/or decrease the weight
associated with another filter in the same set of filters
applied to the input signal 106.

[0064] In some embodiments, a very low confidence
value can imply that a weighted linear combination of
existing filters may not be sufficient to improve the quality
of the input voice command. In such a case, a new noise
cancellation filter can be added at 212 and applied to
improve the quality of the input voice command. As such,
the confidence level can again be calculated to determine
whether the new noise cancellation filter has improved
the quality of the input voice command.

[0065] In an example, multiple stored noise cancella-
tion filters can be combined and applied as an adaptive
filter to the input signal 106, as discussed herein. As such,
stored noise cancellation filters with individual weights
can be combined to create a filter that has a particular
weight, which can be applied to the input signal 106 to
filter out the background noise in the input signal 106.
[0066] Insome embodiments, the input signal 218 can
be received by the filter generator 212. In an example,
the filter generator 212 can generate a new filter based
on the background noise in the input signal 218 if a filter
corresponding to the background noise does not exist.
In some embodiments, the process of noise filtering,
voice recognition, confidence level generation, and suc-
cess and/or failure of the voice recognition engine can
continue in a loop until a user specified time limit for com-
mand execution is reached or generation of a confidence
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value meeting the user requirements for command
processing.

[0067] Figure 3 illustrates a method for noise cancel-
lation for voice activation according to one or more em-
bodiments of the present disclosure. In an example, the
method can include determining, with a computing de-
vice, whether a background noise received with the com-
puting device is recognized, at block 332. In an example,
the computing device can receive the background noise
from an environment that is proximate to the computing
device. The environment can be a work environment
and/or home environment, in an example. For instance,
the background noise can be created from a piece of
equipment and/or an appliance that is located in the work
and/or home environment.

[0068] In an example, the computing device can store
noise cancellation filters that are associated with back-
ground noise generated in the environment that is prox-
imate to the computing device. For instance, the stored
noise cancellation filters can include identification char-
acteristics associated with the background noise. Iden-
tification characteristics can include a frequency associ-
ated with the first background noise and/or an amplitude
associated with the background noise, although exam-
ples are not so limited.

[0069] At block 334, the method can include creating
a stored noise cancellation filter based on the back-
ground noise when the background noise is not recog-
nized. As discussed herein, the computing device can
determine whether the background noise received by the
computing device is recognized. In an example, if the
background noise is not recognized by the computing
device, a stored noise cancellation filter can be created
based on the background noise.

[0070] In an example, determining whether the back-
ground noise is recognized can include determining
whether a match and/or correlation exists between the
background noise and the stored noise cancellation filter.
Forinstance, identification characteristics that are includ-
ed in the stored noise cancellation filter can be compared
to the identification characteristics associated with the
background noise. If a match and/or correlation is deter-
mined to not exist, a noise cancellation filter can be cre-
ated and stored on the computing device.

[0071] The method caninclude, at block 336, receiving
a signal that includes the background noise and a voice
command at the computing device. In an example, as
discussed herein, as a user speaks the voice command,
the background noise can be generated simultaneously,
which can interfere with the signal associated with the
voice command. As a result, the computing device may
not be able to process the voice command due to the
interference caused by the background noise. As such,
in some embodiments, the method can include filtering
out the background noise.

[0072] The method can include filtering out the back-
ground noise from the signal with the stored noise can-
cellation filter, at block 338. In an example, as discussed
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herein, the background noise and the voice command
can be processed at the computing device with a voice
recognition engine. Upon processing the background
noise and the voice command, a confidence level asso-
ciated with the processed background noise and the
voice command can be determined, and the stored noise
cancellation filter can be applied to the background noise
and the voice command to filter out the background noise
when the processed signal does not meet a threshold
confidence level.

[0073] In an example, additional stored noise cancel-
lation filters can be applied to the background noise and
the voice command to filter out the background noise
until at least one of a defined time limit is exceeded and
the processed signal meets the threshold confidence lev-
el. For instance, a defined time limit for applying addi-
tional stored noise cancellation filters and/or processing
the background noise and the voice command can be
set to control use of computing resources and/or prevent
a backlog of background noise and/or voice commands
waiting to be processed.

[0074] In an example, once the stored noise cancella-
tion filter has been applied to the signal that includes the
background noise and the voice command, the back-
ground noise can be filtered out and the method can in-
clude processing the voice command with the computing
device, at block 340. After the voice command has been
processed, a confidence level can be determined once
again to ensure that the processed signal meets the con-
fidence level.

[0075] If the processed signal does not meet the con-
fidence level and/or is not within a threshold of the con-
fidence level, a different stored noise cancellation filter
can be applied to the processed signal and the process
can repeat with the voice recognition engine until the con-
fidence level is met. When the confidence level is met,
voice recognition can be performed on the signal and the
voice command can be turned into a computing device
command, which can instruct the computing device to
perform a function.

[0076] In some embodiments, a confidence level gen-
erator can generate a confidence level based on the fail-
ure and/or success of the voice recognition engine. In an
example, the confidence level can be based on a corre-
lation coefficient, which can provide a degree of correla-
tion between the stored noise cancellation filter that has
been applied and the background noise contained in the
input signal. As discussed herein, a full correlation be-
tween the stored noise cancellation filter and the back-
ground noise contained in the input signal can result in
a high degree of background noise reduction and can
imply a high confidence level.

[0077] Insome embodiments, the method can include
receiving a pre-existing stored noise cancellation filter
with the computing device. In an example, the pre-exist-
ing stored noise cancellation filter can be associated with
a background noise. However, the pre-existing stored
noise cancellation filter may be created by a second com-
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puting device. For instance, the second computing de-
vice may be located in an environment that is different
than an environment in which the computing device is
located. The second computing device can create the
pre-existing stored noise cancellation filter and details
can be associated with the pre-existing stored noise can-
cellation filter such as an identification of the piece of
equipment and/or appliance that created the background
noise, as discussed herein.

[0078] In some embodiments, upon receiving the pre-
existing stored noise cancellation filter with the comput-
ing device, the computing device can filter out the back-
ground noise with the pre-existing stored noise cancel-
lation filter. As such, the computing device may not be
required to enter a training mode to create the pre-exist-
ing stored noise cancellation filter.

[0079] Alternatively, and/or in addition, the computing
device can upload a stored noise cancellation filter cre-
ated by the computing device directly to the second com-
puting device and/or to a server for distribution of the
stored noise cancellation filter to the second computing
device. As such, the second computing device can filter
out the background noise associated with the stored
noise cancellation filter without having to create the
stored noise cancellation filter in a training mode.
[0080] Inanexample,asdiscussed herein, the method
can include grouping a plurality of noise cancellation fil-
ters stored on the server based on a type of environment
in which they were created. For example, noise cancel-
lation filters that were created in a home environment
can be grouped together versus noise cancellation filters
that were created in a work environment. In an example,
the second computing device can download the grouped
plurality of noise cancellation filters with the second com-
puting device upon an installation of the second comput-
ing device. In an example, installation can include an
initial configuration and/or mechanical installation of the
computing device.

[0081] In some embodiments, the method can include
sending the background noise to a second computing
device and determining, with the second computing de-
vice whether a match and/or correlation exists between
the background noise and one of the plurality of stored
noise cancellation filters. Alternatively, and/or in addition,
the method can include sending the voice command and
the background noise to the second computing device
for filtering out the background noise and processing the
voice command. In an example, the method can include
sending the voice command and the background noise
to a cloud for filtering out the background noise and
processing the voice command, as discussed herein.
[0082] In an example, where the computing device is
athermostat, sending the background noise and/or voice
command to the second computing device can be ben-
eficial because processing resources used by the ther-
mostat for determining whether a match and/or correla-
tion exists between the background noise and one of the
plurality of stored noise cancellation filters and/or for
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processing the voice command can generate heat, which
can affect the function of the thermostat. For instance,
generation of heat can lead the thermostat to believe that
an environment is warmer than it actually is and thus
provide cooling to the environment.

[0083] Insome embodiments, the method can include
entering a sleep mode with the computing device upon
a period of inactivity and receiving the background noise
when the computing device is in the sleep mode. In an
example, the sleep mode can be a mode that the com-
puting device enters to save energy. For instance, func-
tions that are non-essential to the function of the com-
puting device can be turned off and/or adjusted to save
energy. For instance, a user interface associated with
the computing device can be turned off and/or a contrast
and/or backlight associated with the interface can be re-
duced to save energy.

[0084] However, the computing device can continue
to listen for background noise and/or a voice command
in the sleep mode. As such, the computing device can
create a stored noise cancellation filter based on the
background noise when the background noise is not rec-
ognized when the computing device is in the sleep mode.
For example, the computing device can enter a training
mode when the computing device enters the sleep mode.
In an example, the computing device can exit the sleep
mode when the computing device receives a voice com-
mand and/or receives an input via the user interface.
[0085] Inanexample,the method caninclude applying
a plurality of stored noise cancellation filters to the back-
ground noise and the voice command to filter out the
background noise based on the correlation between the
background noise and the plurality of stored noise can-
cellation filters. The plurality of stored noise cancellation
filters can have an overall first weight. For example, each
individual filter can have a weight, as discussed herein,
which can be summed to provide the overall first weight.
[0086] The method can include modifying the overall
first weight associated with the plurality of stored noise
cancellation filters if the determined confidence level
does not meet the threshold confidence level. In an ex-
ample, the overall first weight can be modified to an over-
all second weight. The plurality of stored noise cancella-
tion filters with an overall second weight can then be ap-
plied to the background noise and the voice command
to filter out the background noise in response to the con-
fidence level not meeting the threshold confidence level.
[0087] Figure 4 illustrates a computing device, as dis-
cussed in relation to Figures 1, 2, and 3, for noise can-
cellation for voice activation according to one or more
embodiments of the present disclosure. The computing
device 442 can be, for example, a laptop computer, a
desktop computer, a thermostat, or a mobile device (e.g.,
amobile phone, a personal digital assistant, etc.),among
other types of computing devices.

[0088] As shown in Figure 4, computing device 442
includes a processor 444 and a memory 446 coupled to
the processor 444. Memory 446 can be any type of stor-



17 EP 3 091 537 A1 18

age medium that can be accessed by the processor 444
to perform various examples of the present disclosure.
For example, memory 446 can be a non-transitory com-
puter readable medium having computer readable in-
structions (e.g., computer program instructions) stored
thereon that are executable by the processor 444 for
noise cancellation for voice activation according to one
or more embodiments of the present disclosure.

[0089] Memory 446 can be volatile or nonvolatile mem-
ory. Memory 446 can also be removable (e.g., portable)
memory, or non-removable (e.g., internal) memory. For
example, memory 446 can be random access memory
(RAM) (e.g., dynamic random access memory (DRAM)
and/or phase change random access memory
(PCRAM)), read-only memory (ROM) (e.g., electrically
erasable programmable read-only memory (EEPROM)
and/or compact-disk read-only memory (CD-ROM)),
flash memory, a laser disk, a digital versatile disk (DVD)
or other optical disk storage, and/or a magnetic medium
such as magnetic cassettes, tapes, or disks, among other
types of memory.

[0090] Further, although memory 446 and processor
444 are illustrated as being located in computing device
442, embodiments of the present disclosure are not so
limited. For example, memory 446 and processor 444
can also be located internal to another computing re-
source (e.g., enabling computer readable instructions to
be downloaded over the Internet or another wired or wire-
less connection).

[0091] Computing device 442 can include a user inter-
face. The user interface can be a graphic user interface
(GUI) that can provide (e.g., display and/or present)
and/or receive information (e.g., data and/or images) to
and/or from a user (e.g., operator) of computing device
442.Forexample, the user interface caninclude a screen
that can provide information to a user of computing device
442 and/or receive information entered into a display on
the screen by the user. However, embodiments of the
present disclosure are not limited to a particular type of
user interface.

[0092] Processor 444 can execute the executable in-
structions stored in the memory 446 in accordance with
one or more embodiments of the present disclosure. For
example, processor 444 can execute the executable in-
structions stored in memory 446 to determine, with the
computing device 442, whether a background noise re-
ceived by the computing device 442 from an environment
proximate to the computing device 442 is recognized.
Forinstance, the background noise can be generated by
a piece of equipment and/or appliance located in the en-
vironment proximate to the computing device 442.
[0093] Processor 444 can execute the executable in-
structions stored in the memory 446 to create a stored
noise cancellation filter based on the background noise
when the background noise is not recognized. In an ex-
ample, the stored noise cancellation filter can include
identification characteristics associated with the back-
ground noise, as discussed herein.
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[0094] Processor 444 can execute the executable in-
structions stored in the memory 446 to upload the stored
noise cancellation filter to a second computing device for
filtering out background noise associated with the stored
noise cancellation filter at the second computing device.
As discussed herein, by uploading the stored noise can-
cellation filter to the second computing device, the sec-
ond computing device may not need to enter a training
mode to learn the stored noise cancellation filter.
[0095] In an example, the computing device 442 can
upload the stored noise cancellation filter to a server. For
instance, the stored noise cancellation filter can be up-
loaded to the server and the server can distribute the
stored noise cancellation filter to the second computing
device.

[0096] Inanexample, the stored noise cancellation fil-
ters can be stored as a group of noise cancellation filters
based on a type of environment that the noise cancella-
tion filters were created. For instance, if the stored noise
cancellation filters were created in a home environment
and/or work environment, the filters can be stored with a
tag indicating such. In an example, the stored group of
noise cancellation filters can be distributed to the second
computing device.

[0097] Processor 444 can execute the executable in-
structions stored in the memory 446 to receive a second
background noise and a voice command at the second
computing device. In an example, the second computing
device can receive the second background noise from a
second environment. The second environment can be
proximate to the second computing device. Alternatively,
and/or in addition, the second environment can be differ-
ent than the environment proximate to the computing de-
vice 442.

[0098] Processor 444 can execute the executable in-
structions stored in the memory 446 to filter out the sec-
ond background noise with the stored noise cancellation
filter at the second computing device. In an example, the
second background noise can be associated with the
stored noise cancellation filter. As such, the second com-
puting device can recognize the second background
noise and filter out the second background noise from a
signal that includes the second background noise and
the voice command.

[0099] In an example, processor 444 can execute the
executable instructions stored in the memory 446 to com-
bine a plurality of stored noise cancellation filters. As dis-
cussed herein, the stored noise cancellation filters can
be combined to form an adaptive filter. In an example,
the second background noise can be filtered out with the
combined plurality of stored noise cancellation filters.
[0100] Processor 444 can execute the executable in-
structions stored in the memory 446 to recognize the
voice command. In an example, after the second back-
ground noise has been filtered from the signal that in-
cludes the second background noise and the voice com-
mand, a voice recognition process can be performed on
the voice command to convert the voice command into



19 EP 3 091 537 A1 20

a computing device command. The computing device
command can then instruct the computing device 442 to
perform a particular function.

[0101] In an example, the voice recognition process
can be performed at the server. As discussed herein,
processing resources used for filtering out the back-
ground noise and/or performing voice recognition on the
voice command can generate heat. In an example where
the computing device 442 is a thermostat, the generated
heat can affect performance of the thermostat, as dis-
cussed herein. As such, the voice recognition process
can be performed on the voice command at the server
to avoid heat generation at the thermostat.

[0102] The presentinvention includes the subject mat-
ter of the method claims of the parent application; pre-
sented here as numbered preferred features:

1. A method for noise cancellation for voice activa-
tion, comprising:

determining (332), with a computing device
(102-1, 102-2, 442), whether a background
noise (104-1, 104-2, 210) received with the com-
puting device (102-1, 102-2, 442) is recognized;
creating (334) a stored noise cancellation filter
based on the background noise (104-1, 104-2,
210) when the background noise (104-1, 104-2,
210) is not recognized;

receiving (336) a signal (218) that includes the
background noise (104-1, 104-2, 210) and a
voice command (106) at the computing device
(102-1, 102-2, 442);

filtering (338) out the background noise (104-1,
104-2, 210) from the signal (218) with the stored
noise cancellation filter (216); and

processing (340) the voice command (106).

2. The method of feature 1, wherein the method in-
cludes:

entering a sleep mode with the computing de-
vice (102-1, 102-2, 442) upon a period of inac-
tivity; and

receiving the background noise (104-1, 104-2,
210) when the computing device (102-1, 102-2,
442) is in the sleep mode.

3. The method of feature 2, wherein the method in-
cludes creating a stored noise cancellation filter
based on the background noise (104-1, 104-2, 210)
when the background noise (104-1, 104-2, 210) is
not recognized, wherein the stored noise cancella-
tion filter is created while the computing device
(102-1, 102-2, 442) is in the sleep mode.

4. The method of feature 1, wherein the method in-
cludes receiving a pre-existing stored noise cancel-
lation filter (216) with the computing device (102-1,
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102-2, 442).

5. The method of feature 4, wherein the method in-
cludes filtering out the background noise (104-1,
104-2, 210) with the pre-existing stored noise can-
cellation filter (216).

6. The method of feature 1, wherein the method in-
cludes uploading the stored noise cancellation filter
to a server and distributing the stored noise cancel-
lation filter to a second computing device (102-1,
102-2, 442) for filtering out the background noise
(104-1, 104-2, 210) associated with the stored noise
cancellation filter.

7. The method of feature 6, wherein the method in-
cludes grouping a plurality of noise cancellation fil-
ters stored on the server based on a type of environ-
ment in which they were created; and

downloading the grouped plurality of noise cancel-
lation filters with the second computing device
(102-1, 102-2, 442) upon an installation of the sec-
ond computing device (102-1, 102-2, 442).

8. The method of feature 1, wherein determining
whether the background noise (104-1, 104-2, 210)
is recognized includes determining whether a corre-
lation exists between the background noise (104-1,
104-2, 210) and the stored noise cancellation filter.

9. The method of feature 1, wherein the method in-
cludes:

processing the background noise (104-1, 104-2,
210) and the voice command (106) at the com-
puting device (102-1, 102-2, 442) with a voice
recognition engine (222);

determining a confidence level associated with
the processed background noise (104-1, 104-2,
210) and the voice command (106) upon
processing with the stored noise cancellation fil-
ter;

applying a second stored noise cancellation fil-
ter to the background noise (104-1, 104-2, 210)
and the voice command (106) to filter out the
background noise (104-1, 104-2, 210) when the
processed signal does not meet a threshold con-
fidence level; and

applying additional stored noise cancellation fil-
ters to the background noise (104-1, 104-2, 210)
and the voice command (106) to filter out the
background noise (104-1, 104-2, 210) until at
least one of a defined time limit is exceeded and
the processed signal meets the threshold con-
fidence level.

10. The method of feature 1, wherein the method
includes:
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sending the background noise (104-1, 104-2,
210) to a second computing device (102-1,
102-2, 442);

determining, with the second computing device
(102-1,102-2, 442), whether a correlation exists
between the background noise (104-1, 104-2,
210) and one of the plurality of stored noise can-
cellation filter.

Claims

A computing device (102-1, 102-2, 442) configured
to carry out a method for noise cancellation for voice
activation; the computing device comprising:

a processor (444) and a memory (446) (see
page 24, line 6);

the computing device being configured to:

determine (332), whether a background noise
(104-1, 104-2, 210) received by the computing
device (102-1, 102-2, 442) is recognized;
create (334) a stored noise cancellation filter
based on the background noise (104-1, 104-2,
210) when the background noise (104-1, 104-2,
210) is not recognized;

receive (336) a signal (218) that includes the
background noise (104-1, 104-2, 210) and a
voice command (106);

filter (338) out the background noise (104-1,
104-2, 210) from the signal (218) with the stored
noise cancellation filter (216); and

process (340) the voice command (106).

The computing device (102-1, 102-2, 442) of claim
1, wherein the computing device (102-1, 102-2, 442)
is further configured to:

enter a sleep mode upon a period of inactivity;
and

receive the background noise (104-1, 104-2,
210) when the computing device (102-1, 102-2,
442) is in the sleep mode.

The computing device (102-1, 102-2, 442) of claim
2, wherein the computing device (102-1, 102-2, 442)
is further configured to create a stored noise cancel-
lation filter based on the background noise (104-1,
104-2, 210) when the background noise (104-1,
104-2, 210) is not recognized, wherein the stored
noise cancellation filter is created while the comput-
ing device (102-1, 102-2, 442) is in the sleep mode.

The computing device (102-1, 102-2, 442) of claim
1, wherein the computing device (102-1, 102-2, 442)
is further configured to receive a pre-existing stored
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noise cancellation filter (216).

The computing device (102-1, 102-2, 442) of claim
4, wherein the computing device (102-1, 102-2, 442)
is further configured tofilter out the background noise
(104-1, 104-2,210) with the pre-existing stored noise
cancellation filter (216).

The computing device (102-1, 102-2, 442) of claim
1, wherein the computing device (102-1, 102-2, 442)
is further configured to upload the stored noise can-
cellation filter to a server and distributing the stored
noise cancellation filter to a second computing de-
vice (102-1, 102-2, 442) for filtering out the back-
ground noise (104-1, 104-2, 210) associated with
the stored noise cancellation filter.

The computing device (102-1, 102-2, 442) of claim
6, wherein the computing device (102-1, 102-2, 442)
is further configured to group a plurality of noise can-
cellation filters stored on the server based on a type
of environment in which they were created; and
downloading the grouped plurality of noise cancel-
lation filters with the second computing device
(102-1, 102-2, 442) upon an installation of the sec-
ond computing device (102-1, 102-2, 442).

The computing device (102-1, 102-2, 442) of claim
1, wherein determining whether the background
noise (104-1, 104-2, 210) is recognized includes de-
termining whether a correlation exists between the
background noise (104-1, 104-2,210) and the stored
noise cancellation filter.

The computing device (102-1, 102-2, 442) of claim
1, wherein the computing device (102-1, 102-2, 442)
is further configured to:

process the signal (218) with a voice recognition
engine (222) upon filtering (338) out the back-
ground noise (104-1, 104-2, 210) from the signal
(218) with the stored noise cancellation filter
(216);

generating a processed signal upon processing
the signal (218) with the voice recognition en-
gine (222); and

generating a confidence level associated with
the processed signal with a confidence level
generator (224).

10. The computing device (102-1, 102-2, 442) of claim

9 wherein the computing device (102-1, 102-2, 442)
is further configured to:

use a confidence generator (224) to generate a
confidence level threshold determination (226)
to determine whether the confidence level gen-
erated is within a defined range of a value based
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upon a risk associated with a computing device
command (228) being issued when the confi-
dence level threshold is not met and issuing the
command if higher than the threshold.

11. The computing device (102-1, 102-2, 442) of claim
1, wherein the computing device (102-1, 102-2, 442)
is further configured to:

send the background noise (104-1, 104-2,210) 10
to a second computing device (102-1, 102-2,
442);

determine, with the second computing device
(102-1,102-2, 442), whether a correlation exists
between the background noise (104-1, 104-2, 15
210) and one of the plurality of stored noise can-
cellation filters.

12. A method for noise cancellation for voice activation,
comprising: 20

determining (332), with the computing device
(102-1, 102-2, 442) of any of claims 1 to 11,
whether abackground noise (104-1, 104-2,210)
received with the computing device (102-1, 25
102-2, 442) is recognized;

creating (334) a stored noise cancellation filter
based on the background noise (104-1, 104-2,
210) when the background noise (104-1, 104-2,
210) is not recognized; 30
receiving (336) a signal (218) that includes the
background noise (104-1, 104-2, 210) and a
voice command (106) at the computing device
(102-1, 102-2, 442);

filtering (338) out the background noise (104-1, 35
104-2, 210) from the signal (218) with the stored
noise cancellation filter (216); and

processing (340) the voice command (106).
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